Introduction: A classification framework for posterior cortical atrophy (PCA) is proposed to improve the uniformity of definition of the syndrome in a variety of research settings. Methods: Consensus statements about PCA were developed through a detailed literature review, the formation of an international multidisciplinary working party which convened on four occasions, and a Web-based quantitative survey regarding symptom frequency and the conceptualization of PCA. Results: A three-level classification framework for PCA is described comprising both syndromeand disease-level descriptions. Classification level 1 (PCA) defines the core clinical, cognitive, and neuroimaging features and exclusion criteria of the clinico-radiological syndrome. Classification level 2 (PCA-pure, PCA-plus) establishes whether, in addition to the core PCA syndrome, the core features of any other neurodegenerative syndromes are present. Classification level 3 (PCA attributable to AD [PCA-AD], Lewy body disease [PCA-LBD], corticobasal degeneration [PCA-CBD], prion disease [PCA-prion]) provides a more formal determination of the underlying cause of the PCA syndrome, based on available pathophysiological biomarker evidence. The issue of additional syndrome-level descriptors is discussed in relation to the challenges of defining stages of syndrome severity and characterizing phenotypic heterogeneity within the PCA spectrum. Discussion: There was strong agreement regarding the definition of the core clinico-radiological syndrome, meaning that the current consensus statement should be regarded as a refinement, development, and extension of previous single-center PCA criteria rather than any wholesale alteration or redescription of the syndrome. The framework and terminology may facilitate the interpretation of research data across studies, be applicable across a broad range of research scenarios (e.g., behavioral interventions, pharmacological trials), and provide a foundation for future collaborative work.
Introduction
The term posterior cortical atrophy (PCA) was coined by D. Frank Benson and colleagues to describe a series of patients with early visual dysfunction in the setting of neurodegeneration of posterior cortical regions [1] (Fig. 1 ). The PCA syndrome aligned with several other reports of patients with similar progressive loss of higher visual function (e.g., [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ). PCA typically presents in the mid-50s or early 60s with a variety of unusual visuoperceptual symptoms, such as diminished ability to interpret, locate, or reach for objects under visual guidance; deficits in numeracy, literacy, and praxis may also be apparent. Although episodic memory and insight are initially relatively preserved, progression of PCA ultimately leads to a more diffuse pattern of cognitive dysfunction.
Several single-center groups of researchers have proposed diagnostic criteria for the syndrome [13, 14] or detailed inclusion criteria for individual studies (e.g., [15] [16] [17] ). PCA has also been recognized and described in consensus criteria for typical and atypical Alzheimer's disease [18, 19] . These existing criteria have reasonable consistency and have proved useful in many clinical and research contexts.
However, the extant detailed descriptions of PCA are based on clinical experience at single centers and have not been deliberated or validated more widely. Present-day PCA criteria were also formulated before the development of Alzheimer's disease (AD) pathophysiological biomarkers, and although recent AD criteria include PCA, the clinical phenotype is not described in detail and such criteria naturally do not encompass individuals with the PCA syndrome who are negative for AD pathophysiological biomarkers. Some inconsistencies exist among the core features described, with the Tang-Wai but not Mendez criteria excluding individuals with early Parkinsonism or hallucinations, while Mendez but not Tang-Wai stipulates the relative preservation of verbal fluency [13, 14] . Such inconsistencies are mirrored explicitly or implicitly in the application of terminology, with the term PCA sometimes being used as a descriptive clinical (syndrome level) term and sometimes as a diagnostic (disease level) label. For example, some researchers consider PCA primarily or solely as an atypical form of AD (the "visual variant of AD," e.g., [20] ), whereas others cite neuropathological evidence demonstrating that multiple pathologies can underlie the PCA syndrome (e.g., [15] ). Inconsistency of terminology and usage likely reflects in part the interests or requirements of different investigators or research contexts. For example, syndromic classification is likely to be entirely appropriate for studies exploring behavioral interventions, whereas clinical trials of disease-specific pharmacological agents may additionally require consideration of the underlying molecular pathology. In the absence of criteria that clearly reflect this potential diversity of use, it remains unclear whether individuals with PCA should be included or excluded from conventional clinical trials for AD (e.g., owing to the potential unsuitability of the associated interventions, biomarkers, and/or outcome measures). Cons affected by PCA risk are being unable to access potentially helpful interventions owing to a lack of evidence regarding their effectiveness. Conversely, if criteria require evidence for AD pathology, individuals with PCA due to other causes may not be considered for behavioral interventional trials from which they may benefit. Finally, existing criteria provide an inadequate foundation from which to proceed with future studies exploring the factors influencing phenotypic heterogeneity and disease progression, acquiring evidence linking clinical phenotype to underlying pathology.
Aims
The present study describes the formation and deliberations of a PCA working party that aimed to establish a consensus opinion regarding the PCA syndrome. The goal of the work was to review, revise, and complement existing single-center diagnostic criteria to represent multidisciplinary and multicenter experience and knowledge. In light of the problems outlined previously and the challenges facing the PCA research field, a multilevel PCA classification framework is proposed for use in a number of different research contexts.
Methods
Following a detailed review of the literature (S.J.C., M.L., J.M.S., G.D.R., M.N.R., and N.C.F. [21] ), a PCA Working Party of experienced clinicians and researchers formed to develop a consensus statement regarding research criteria for PCA. Representatives of the group met at the Alzheimer's Association International Conferences in Vancouver (July 2012; see [22] ) and Boston (July 2013). An Atypical Alzheimer's Disease and Associated Disorders Professional Interest Area (PIA) was subsequently constituted subsequently under the auspices of the International Society to Advance Alzheimer's Research and Treatment. In June 2014, an online survey of Working Party and PIA members web 4C=FPO web 4C=FPO 240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300   301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360 and their implications for a consensus statement were discussed at the next PIA meeting (AAIC, Copenhagen, July 2014). The consensus statement was subsequently drafted (S.J.C.) and developed with a small group of experts (N.C.F., J.M.S., G.D.R., W.M.v.d.F., M.M., B.C.D., R.V., and J.S.S.), and a revised version circulated to the PCA Working Party and selected PIA members for their detailed feedback before final discussion and agreement (AAIC, Washington, July 2015). The final version was approved by all authors.
Classification framework
A three-level classification framework for PCA is described in Fig. 3 . Level 1 establishes that the presenting problem has a neurodegenerative basis and a posterior cortical focus, based on the identification of the core clinical and cognitive features that define the PCA syndrome, plus supportive neuroimaging evidence if available. Further core features include evidence of insidious onset and gradual progression. Exclusion criteria include evidence of a brain tumor or other mass lesion, significant vascular disease including focal stroke, primary ocular disease, or other identifiable causes for cognitive impairment, but only where independently sufficient to explain the clinical and cognitive syndrome. Level 2 establishes whether the presentation is one of pure PCA or whether the patient meets the core criteria for both the PCA syndrome and an additional neurodegenerative syndrome (in the absence of biomarkers). Level 3 involves a more formal determination of the underlying cause of the PCA syndrome, based on pathophysiological biomarker evidence. Levels 1 and 2 yield a syndrome-level description of the presenting complaint. Level 3 yields a disease-level description. Levels 1-3 are outlined in greater detail in the following.
Classification level 1: The core features of the PCA syndrome
As defined in the perspective article which followed the first consensus meeting, "PCA is a clinico-radiological syndrome characterized by progressive decline in visual processing and other posterior cognitive functions, relatively intact memory and language in the early stages, and atrophy of posterior brain regions" ( [23] , p. 463). The core clinical, cognitive, and (optional supportive) neuroimaging features and exclusion criteria for PCA are listed in Table 1 . These early or presenting features are listed in order of (descending) frequency at first assessment in line with the quantitative ratings provided by online survey participants (see Fig. 2 ). The list of cognitive features is a summation of all features listed in Mendez et al. [13] and Tang-Wai et al. [14] .
The clinical and exclusion criteria constrain the definition of PCA to individuals with a neurodegenerative condition. The semi-arbitrary stipulation of three or more cognitive features is designed to ascertain evidence of a cluster of posterior cognitive deficits and reduce misclassifications based on overinterpretation of a single complaint or abnormal test score. The stringency of this stipulation is also mitigated by the extensive list of potential features which fall broadly into the domains of basic visual, visuoperceptual, visuospatial, literacy, numeracy, praxis, and higher sensory functions. Many of these posterior cognitive deficits may have a pronounced impact on activities of daily living.
A critical element of the PCA cognitive profile is the contrast between the posterior cortical dysfunction and the relative sparing of other cognitive domains. This is aimed at distinguishing PCA from typical (amnestic) AD (episodic memory), logopenic-variant primary progressive aphasia (lvPPA; language), frontotemporal dementia and the AD phenotype variously labeled frontal variant AD, behavioral variant AD, or dysexecutive AD (which primarily manifests as impairments of executive functions, behavior, and personality). The concept of "relative sparing" is intentionally flexible to accommodate different assessment settings and tools. Operationalizing these criteria with recommended sets of brief and detailed cognitive tasks is a future objective of the working group, but the main principle is to reduce the impact of core deficits on assessment of these functions. For example, accurate testing of anterograde memory in people with PCA requires tests that avoid not only explicit visual demands (e.g., Rey-Osterrieth figure copy) but also more implicit visual demands on visually mediated processes such as mental imagery (e.g., verbal paired associate learning).
The neuroimaging features of PCA are intentionally broad to reflect the loose anatomical description of "posterior cortical atrophy," with the working group regarding evidence of focal structural (e.g., atrophy on magnetic resonance imaging) or functional (e.g., hypometabolism on 18 F-labeled fluorodeoxyglucose positron emission tomography or singlephoton emission computed tomography) abnormality in the occipital, parietal, and/or occipito-temporo-parietal cortices as supportive of the clinico-radiological syndrome. The inclusion of neuroimaging evidence of posterior cortical atrophy or dysfunction as an optional, supportive feature rather than obligatory component of the syndrome-level description is consistent with previous criteria. This issue generated considerable debate, but maintaining the optional status was justified on both clinical (e.g., variable extent of 484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544   545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605 atrophy at presentation) and practical grounds (e.g., accessibility of neuroimaging facilities; not wishing to exclude patients unable to undergo M.R. investigation from all PCA-related research). Where for practical reasons neuroimaging evidence cannot be obtained, research studies should specify the evidence used to support the classification of PCA. Another issue is that individuals with the visual variant of Creutzfeldt-Jakob disease typically decline rapidly such that obvious focal atrophy is not easily demonstrated [24] [25] [26] . We debated the utility of classifying such individuals within the PCA framework, which may only be appropriate for prion disease patients with an insidious (rather than rapid) progression ( [15] , subject [20, 27] ). It should also be noted that evidence provided by more recently established molecular imaging techniques is incorporated together with other in vivo biomarkers in the disease-level description (see classification level 3). The clinical, cognitive, and exclusion criteria (discussion of neuroimaging criteria mentioned previously) are largely consistent with existing single-center definitions of the syndrome [13, 14] . Working group discussions elicited broad agreement regarding the specific features that constitute PCA and there was a strong reluctance to radically alter preceding descriptions of the syndrome, which has become a well-established clinical concept. Nonetheless, one point of note is the primacy given to visual impairment in the earlier criteria (Mendez et al: "Presentation with visual complaints with intact primary visual functions"; Tang-Wai et al: "Presentation of visual complaints in the absence of significant primary ocular disease explaining the symptoms" [13, 14] ). In the proposed consensus statement, this criterion is broadened to "Prominent early disturbance of visual plus/minus other cognitive functions with a presumed posterior location." This reflects the position of 65% of the online survey group who agreed (compared with 15% disagreeing and 20% neither agreeing nor disagreeing) with the statement "Progressive focal disorders of nonvisual posterior cognitive functions (e.g., apraxia, agraphia, acalculia) can also be classified as PCA in some research contexts." The Other disease-level classifications may be appropriate (e.g., a patient with PCA plus visual hallucinations may have LBD-variant of AD) or anticipated (e.g., PCA attributable to GRN mutations). The thickness of lines connecting classification levels 2 and 3 is intended to reflect the status of AD as the most common cause of PCA. Abbreviations: AD, Alzheimer's disease; CBD, corticobasal degeneration; LBD, Lewy body disease; PCA, posterior cortical atrophy; tbc, to be confirmed. 606  607  608  609  610  611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635  636  637  638  639  640  641  642  643  644  645  646  647  648  649  650  651  652  653  654  655  656  657  658  659  660  661  662  663  664  665  666   667  668  669  670  671  672  673  674  675  676  677  678  679  680  681  682  683  684  685  686  687  688  689  690  691  692  693  694  695  696  697  698  699  700  701  702  703  704  705  706  707  708  709  710  711  712  713  714  715  716  717  718  719  720  721  722  723  724  725  726  727 cognition (see Fig. 4 ), and (3) some "nonvisual" complaints may be partly rooted in visual dysfunction (e.g., writing impairments partly attributable to disordered mental imagery for letters).
Classification level 2: Pure PCA and PCA with additional features (PCA-plus)
In classification level 2, a division is drawn between individuals who solely meet the criteria for PCA (PCA-pure) and individuals who exhibit additional features consistent with other recognized neurodegenerative syndromes (PCA-plus). All individuals must fulfill the criteria for the core clinico-radiological syndrome (level 1), with the PCA-pure/PCA-plus distinction made on the basis of nonfulfillment/fulfillment of additional core clinical criteria for lvPPA, CBS, or another neurodegenerative syndrome (see Table 2 ). The cited examples are based on recognized diagnostic criteria for the clinical syndromes of dementia with Lewy bodies [28] and CBS [29, 30] .
Classification level 2 exists as a buffer zone between a broad, purely symptomatic definition of PCA (level 1) and disease-level descriptions of the different clinico-biological entities (supported by biomarker evidence) which fall under that syndromic umbrella (level 3). This intermediate classification stage is motivated by a combination of in vivo biomarker and postmortem pathological data, clinical opinion, and research practicality. In vivo biomarker and postmortem pathological data from published case series indicate that the vast majority of reported cases of PCA are attributable to AD (see [14, 15, [31] [32] [33] ). Reflecting such data, clinical opinion has tended toward regarding PCA primarily or even solely as an atypical phenotype of AD, many defining PCA as "the visual posterior variant of AD." Accordingly, some working group members questioned whether features suggestive of non-AD pathologies, such as hallucinations and cognitive fluctuations suggestive of the histopathologically defined entity of Lewy body disease (LBD), should even be incorporated as exclusion criteria in the core definition of PCA. The PCA-pure/PCA-plus Table 1 Core features of the PCA clinico-radiological syndrome (classification level 1) Clinical, cognitive, and neuroimaging features are rank ordered in terms of (decreasing) frequency at first assessment as rated by online survey participants (see Appendix 1 Q11 Evidence of a brain tumor or other mass lesion sufficient to explain the symptoms Evidence of significant vascular disease including focal stroke sufficient to explain the symptoms Evidence of afferent visual cause (e.g., optic nerve, chiasm, or tract) Evidence of other identifiable causes for cognitive impairment (e.g., renal failure)
Abbreviations: PCA, posterior cortical atrophy; MRI, magnetic resonance imaging; FDG-PET, 18 F-labeled fluorodeoxyglucose positron emission tomography; SPECT, single-photon emission computed tomography. 728  729  730  731  732  733  734  735  736  737  738  739  740  741  742  743  744  745  746  747  748  749  750  751  752  753  754  755  756  757  758  759  760  761  762  763  764  765  766  767  768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783  784  785  786  787  788   789  790  791  792  793  794  795  796  797  798  799  800  801  802  803  804  805  806  807  808  809  810  811  812  813  814  815  816  817  818  819  820  821  822  823  824  825  826  827  828  829  830  831  832  833  834  835  836  837  838  839  840  841  842  843  844  845  846  847  848  849 distinction permits clinicians or researchers to restrict study inclusion to a subpopulation who may be more likely to have AD as the underlying pathology, while at the same time acknowledging the lack of one-to-one correspondence between syndrome and pathology (e.g., patients fulfilling PCA and CBS criteria whose impairments are attributable web 4C=FPO web 4C=FPO Fig. 4 . Case study of a PCA patient presenting with "nonvisual" symptoms. Abbreviation: PCA, posterior cortical atrophy. PCA-pure Individuals must fulfill the criteria for the core clinico-radiological PCA syndrome (level 1), and not fulfill core clinical criteria for any other neurodegenerative syndrome.
PCA-plus
Individuals must fulfill the criteria for the core clinico-radiological PCA syndrome (level 1) and also fulfill core clinical criteria for at least one other neurodegenerative syndrome, such as 850  851  852  853  854  855  856  857  858  859  860  861  862  863  864  865  866  867  868  869  870  871  872  873  874  875  876  877  878  879  880  881  882  883  884  885  886  887  888  889  890  891  892  893  894  895  896  897  898  899  900  901  902  903  904  905  906  907  908  909  910   911  912  913  914  915  916  917  918  919  920  921  922  923  924  925  926  927  928  929  930  931  932  933  934  935  936  937  938  939  940  941  942  943  944  945  946  947  948  949  950  951  952  953  954  955  956  957  958  959  960  961  962  963  964  965  966  967  968  969  970  971 to AD). The PCA-plus classification may also capture individuals who show additional features owing to mixed pathology or moderate to high subcortical vascular burden. Such debate may be moot in most situations where in vivo biomarkers are available. However, a full examination of the relationship between the PCA phenotype and underlying pathology will require documentation of the fulfillment/nonfulfillment of both core PCA and additional syndromic criteria. There are also methodological limitations concerning biomarkers reflected in variability of results across laboratories [34, 35] . Besides, molecular imaging and cerebrospinal fluid analysis are not available for all individuals in all centers, and pathophysiological biomarkers are available for a limited number of diseases and it is only the diagnostic criteria for AD and FTD incorporate them. Ultimately, the Working Party aimed to produce consensus guidelines that have utility in every research setting. Thus, the concepts PCApure and PCA-plus are advanced as a simple, practicable method for improving the consistency of inclusion criteria in studies and refining PCA samples in situations where biomarker data are not available. Also, International Working Group criteria (IWG2) [19] do not provide a formal classification for individuals with a clinical presentation consistent with PCA in whom in vivo biomarkers are not available. The intermediate classification of PCA-pure/ PCA-plus is aimed at facilitating the inclusion of participants in research studies even in the absence of direct evidence of underlying pathophysiological process. The practical implication of this formulation is that the concept of PCA-pure or -plus (level 2) may be largely redundant where biomarker evidence is available, where the expectation would be classification at disease-specific level 3 (see the following).
Classification level 3: Diseases causing PCA
Classification level 3 provides disease-level descriptions of PCA reflecting available evidence of the underlying pathology. Diagnostic criteria for PCA attributable to AD (PCA-AD), Lewy body disease (PCA-LBD), corticobasal degeneration (PCA-CBD), and prion disease (PCA-prion) are described in Table 3 . The definition of PCA-AD is consistent with the IWG2 [19, 36, 37] definitions of AD, which require both the presence of an appropriate clinical phenotype and a pathophysiological biomarker consistent with the presence of AD pathology. However, pathophysiological biomarkers are only currently available for AD and prion disease (although not yet incorporated into formal diagnostic criteria for prion disease; see solid and dashed ovals in Fig. 3) . Consequently, the diseaselevel descriptions provided in Table 3 are inequitable, with attribution of an in vivo diagnosis of PCA-LBD and PCA-CBD pending the development of suitable biomarkers. In these cases, use of the terms probable PCA-LBD and probable PCA-CBD may be appropriate where cases fulfilling both the relevant core clinical criteria are found to be negative for AD biomarkers. As noted in Fig. 3 , other diseaselevel classifications may also be appropriate for individuals with mixed or multiple pathologies (e.g., a patient with PCA plus visual hallucinations could have LBD-variant of AD and therefore be more appropriately labeled PCA-AD/ LBD; co-occurrence of AD and PSP: [38] ) or required in future (e.g., PCA attributable to GRN mutations; [39] ). Similarly, additional markers may become available to support existing and new classifications. Future iterations of the PCA consensus statement must consider these issues and Table 3 Diagno revise the classifications in accordance with biomarker development and emerging clinical reports. The division between syndrome-level and disease-level descriptions was supported by 88% of PCA Working Party members surveyed who agreed with the statement "Research criteria should discriminate the clinical syndrome (PCA) and the associated disease (e.g., PCA-AD, PCA-LBD)." The discussion of the syndrome/disease issue at consensus meetings reflected the balance sought between developing a flexible labeling system allowing for a wide variety of different research applications (e.g., diseasespecific trials vs. nonpharmacological interventions targeting cognition, behavior, or function) and avoiding confusion by permitting a PCA subgroup (e.g., those fulfilling criteria for PCA and CBS) to skew the description of PCA. It is also important to note that the four proposed disease-level descriptions do not have the same frequency. Published data suggest that AD is overwhelmingly the most common underlying cause of PCA (e.g., [14, 15, [31] [32] [33] 41, 42] ). Thus, in the absence of features to suggest an alternative diagnosis, AD is a priori the most likely underlying cause. The thickness of lines connecting classification levels 2 and 3 in Fig. 3 are intended to reflect the status of AD as the most common cause of PCA. It is also noted that in all cases, pathological confirmation of the underlying pathology is regarded as the "gold standard" and assigned the prefix definite.
There are a number of research contexts in which it may be important to identify the most likely underlying pathology associated with the PCA syndrome. The proposed disease-level descriptions of PCA may be of use in disease-specific clinical trials (by providing rationale the inclusion of PCA subjects in AD trials), in descriptive epidemiological studies investigating genetic and other determinants of phenotypic heterogeneity in AD and non-AD dementias, and in disease progression studies.
Further specification of PCA in a variety of research contexts
The classification system described previously provides syndrome-level and disease-level definitions of PCA for use in a variety of research contexts. However, there are a number of past and future contexts in which additional consensus descriptors might have value. Two important scenarios are staging the syndrome severity and describing phenotypic heterogeneity within PCA. In the following, we discuss this need, alongside the current labels related to PCA and their usage. We stop short of proposing an extended PCA lexicon but explicate how future research might prompt or guide a formal proposal of terms. All of the following scenarios consider the putative case of individuals who did, do, or might fulfill the core PCA criteria described previously at some point past, present, or future, plus the additional requirements listed in the following.
PCA stages
One issue which may motivate an extension of PCA terminology concerns how researchers describe PCA at different stages of progression. To illustrate the issue, 11-year longitudinal data are presented on an individual who came to attention as a healthy research participant but subsequently developed PCA (see Fig. 5 ). The description of this patient at different points along the disease pathway is considered in the following alongside consideration of provisional terms.
Prodromal/suspected/possible PCA: This term (see alternatives in the following) might be ascribed (in some circumstances, alongside other differential diagnoses) to individuals exhibiting subtle deficits in posterior cortical functions which are too mild or few (,3) to fulfill the core PCA criteria mentioned previously. As only individuals proceeding to a diagnosis of PCA could reliably be labeled prodromal PCA, this stage in the evolution of PCA would most likely be identified retrospectively in longitudinal studies (see Fig. 5 ). In other situations, alternative labels such as "suspected PCA" or "possible PCA" might be preferred. The concept of prodromal PCA is motivated by the assumption that a proportion of individuals with prodromal AD (IWG criteria; 37; clinical symptoms present but insufficient to affect instrumental activities of daily living) will be in the early clinical stages of PCA. By definition, the clinico-radiological syndrome PCA cannot be defined at the preclinical asymptomatic atrisk state for AD (IWG [37] ) or stage 1 or 2 preclinical AD (NIA-AA [43] ) where cognitive impairment is absent. It is also of note here that some individuals with PCA may not ever meet NIA-AA definitions of mild cognitive impairment (MCI), owing to the impact of even subtle posterior cortical dysfunction on everyday functional tasks. MCI criteria state "These cognitive changes should be sufficiently mild that there is no evidence of a significant impairment in social or occupational functioning" (p. 272), and "it must be recognized that atypical clinical presentations of AD may arise, such as the visual variant of AD (involving PCA) or the language variant (sometimes called logopenic aphasia), and these clinical profiles are also consistent with MCI due to AD" (p. 272). However, mild posterior cortical dysfunction can have a profound impact on certain everyday functions (e.g., driving). Although comparing levels of "severity" across different cognitive domains is difficult, it may be that the relative impact of mild cognitive deficits on everyday function may vary between typical and atypical AD phenotypes. PCA: The second stage of progression might simply be labeled PCA and could be entirely consistent with the definition of PCA provided previously in classification level I (namely fulfillment of the clinical, cognitive, neuroimaging, and exclusion criteria listed in Table 1 ). The only point of expansion is that, just as prodromal PCA would not necessarily equate to MCI, so PCA would not necessarily equate to dementia. Many patients with PCA for a time only show impairment in one of the five listed domains in McKhann et al. ([18] ; i.e., evidence of visuospatial but not memory, reasoning, language, or personality/behavior deficits). At this stage, such cases may not fulfill the various rules for formal classification as dementia, and therefore diagnosis for which dementia is a prerequisite, namely probable AD dementia, possible AD dementia, or possible AD dementia with evidence of the AD pathophysiological process. Advanced PCA: This third provisional staging term could be used to describe individuals who have or would have previously met criteria for PCA but in whom disease progression has led to impairments in other aspects of cognitive function (i.e., episodic memory, language, executive functions, behavior, and personality). Advanced PCA might most typically be observed in individuals in whom either (1) visual 6 nonvisual posterior dysfunction with relative preservation of these other cognitive skills was the primary complaint, but memory, language, executive, and/or behavior/personality deficits have now progressed and are also significantly impaired or (2) impairments in visual 6 nonvisual posterior functions and one or more of these other cognitive skills were evident at presentation but the clinical history and/or other evidence indicate that posterior cortical deficits were the primary complaint (i.e., the patient did not present/was not assessed at the earlier stage when PCA could have been diagnosed). The term advanced PCA might be applicable to a number of PCA patients described in the existing literature. For example, in a study of PCA basic visual function [44] , all 21 patients fulfilled Mendez et al. [13] and Tang-Wai et al. [14] criteria and had current or previous evidence on formal neuropsychological assessment of impaired visual function with relatively preserved (normal range) scores on at least one test of episodic memory. However, at the time of the experimental study, 5/21 (24%) had progressed to a point where episodic memory test scores fell below the normal range, with 12/21 (57%) showing deficits on naming from description (executive functions, behavior, and personality were not assessed formally). The advanced PCA concept is particularly relevant to the characterization of research participants, prognostic and longitudinal studies, clinical management and care planning, and for educating to patients and their caregivers.
Heterogeneity within the PCA spectrum
Another issue that may motivate an extension of PCA terminology is the challenge of describing the considerable heterogeneity that exists within the PCA spectrum. A number of subtypes have been described previously based on the distinct presentation of individuals or small series of patients web 4C=FPO web 4C=FPO 1216  1217  1218  1219  1220  1221  1222  1223  1224  1225  1226  1227  1228  1229  1230  1231  1232  1233  1234  1235  1236  1237  1238  1239  1240  1241  1242  1243  1244  1245  1246  1247  1248  1249  1250  1251  1252  1253  1254  1255  1256  1257  1258  1259  1260  1261  1262  1263  1264  1265  1266  1267  1268  1269  1270  1271  1272  1273  1274  1275  1276 (e.g., [46, 47] ). However, other studies have suggested that heterogeneity in PCA is best conceptualized as a multidimensional phenotypic space rather than as a series of distinct subtypes (see [16, 44, [48] [49] [50] ). The Working Party concluded that there is currently insufficient cognitive or neuroimaging evidence to support the existence of discrete PCA subtypes and would recommend research to determine whether subtypes can be found in distinct patterns of cognitive impairment, atrophy, and disease progression. Nonetheless, the following provisional set of qualitative descriptions of different positions within this putative phenotypic space is provided to encourage debate concerning the consistent labeling among research studies and centers and to permit individual presentations to be described or quantified in terms of proximity to one or more of these prototypes.
Biparietal (dorsal) variant: This subtype has been described as "a biparietal variant defined by the presence of early, predominant, and progressive difficulty with visuospatial function, features of Gerstmann syndrome, of Balint syndrome, limb apraxia, or neglect" [19] . This IWG2 designation is broadly consistent with other definitions of a biparietal atrophy syndrome (e.g., [28, 46, 47] ). Occipitotemporal (ventral) variant: The biparietal variant of PCA has been contrasted with a more ventral occipitotemporal variant defined by the presence of an early, predominant, and progressive impairment of visuoperceptive functions or of visual identification of objects, symbols, words, or faces' (IWG2: [19, 28, 46, 47, 51] ). Such a category might include descriptions of patients with a progressive perceptual prosopagnosia (e.g., [52] ). Primary visual (caudal) variant: Arguably even rarer than the biparietal or occipitotemporal syndromes is a more caudal primary visual syndrome characterized by primary visual failure, impairment of basic perceptual abilities, and bilateral occipital atrophy [28, 47, 53, 54] . Owing to the early damage of primary visual cortex, as contrasted with the early involvement of association cortices seen in the biparietal and occipitotemporal variants, PCA patients with this primary visual variant are most distinct clinically and phenotypically from "typical AD." The primary visual variant is rarely reported and not mentioned explicitly in IWG2. However, this lack of evidence may partly reflect less frequent testing/recording of basic visual functions compared with higher order object and space processing deficits (of which patients are also naturally more likely to complain). An analysis of basic visual functions (form detection, form discrimination, form coherence, motion coherence, color discrimination, single-point localization) found impaired performance in at least one basic visual skill in all 21 PCA patients tested, suggesting elementary visual deficits are a more common cause of or contributor to higher order object and space processing problems than is typically recognized [44] . Dominant parietal variant: The presentation of visual complaints is a core feature of both the proposed consensus and existing single-center diagnostic criteria. However, not all PCA patients refer explicitly to visual problems among their primary complaints and may present with predominant impairment of other posterior cortical functions, such as calculation, spelling, and praxis [6, 29, [55] [56] [57] . Such presentations are most commonly associated with biparietal atrophy with relatively greater involvement of the dominant/left posterior cortices (see Fig. 4 ). In our survey, 67% of PCA Working Party members considered such individuals to fall within the PCA spectrum. This position, and the duality of the current criteria necessitating both "Prominent early disturbance of visual 6 other posterior cortical functions" and presence of a cluster of three or more cognitive deficits which could appear "nonvisual" (e.g., acalculia, agraphia, and apraxia), might at first glance appear inconsistent. However, it is important to bear in mind that there is not a one-to-one correspondence between cognitive tests and the underlying cognitive processes. Many apparently "nonvisual" tasks (e.g., calculation) do make demands on visual imagery and spatial processing skills. Furthermore, as noted previously, very detailed neuropsychological testing of patients presenting with focal posterior nonvisual complaints typically uncovers evidence of subtle impairments in visual cognition (see Fig. 4 ). Finally, "nonvisual" presentations are one reason why the proposed criteria stipulate the need for a constellation of deficits (three or more cognitive features), to exclude for example cases of selective apraxia which could have a more anterior basis.
Naturally, there are multiple ways of classifying clinical heterogeneity within the PCA spectrum. An alternative way to discriminate putative subphenotypes would be to refer exclusively to the organization of the visual system (e.g., ventral and dorsal streams). Certain presentations may also merit the combination of different types of descriptive terminology (e.g., prodromal occipito-temporal variant PCA). It is anticipated that descriptions of PCA variants may be relevant to brain-behavior studies, phenotype characterization work (e.g., clarifying the degree of homogeneity/heterogeneity within the PCA spectrum), and examinations of phenotype progression (e.g., establishing the order of loss of different aspects of cortical visual processing). Descriptions of PCA variants may also be useful in the design and use of nonpharmacological interventions, aids, and strategies which are geared toward helping individuals with PCA cope with or ameliorate problems associated 1399  1400  1401  1402  1403  1404  1405  1406  1407  1408  1409  1410  1411  1412  1413  1414  1415  1416  1417  1418  1419  1420  1421  1422  1423  1424  1425  1426  1427  1428  1429  1430  1431  1432  1433  1434  1435  1436  1437  1438  1439  1440  1441  1442  1443  1444  1445  1446  1447  1448  1449  1450  1451  1452  1453  1454  1455  1456  1457  1458 with a specific aspect of cognitive function (e.g., cues which aid object localization but not object identification). However, it should be stressed again that these descriptions are preliminary characterizations of positions within a spectrum of continuous variation.
Conclusions
We have proposed a PCA classification framework with both syndrome-and disease-level descriptions for use in a number of different research contexts. The strong agreement over the features which constitute the core clinicoradiological syndrome (classification level 1) re-affirmed the Working Party's original aim of offering a consensus statement refining and advocating specific uses and adaptations of the term PCA rather than any wholesale alteration or redescription of the syndrome. Accordingly, the working party regard classification levels 2 (PCA-pure/PCA-plus) and 3 (PCA-AD, PCA-LBD, PCA-CBD, PCA-Prion) as extensions to rather than replacements for the previous single-center diagnostic criteria, aimed at increasing the utility and specification of the PCA concept in a variety of research settings.
The three-level classification system provides a standard against which clinicians, academics, reviewers, and editors may evaluate and compare study populations and inclusion/exclusion criteria across previous publications and future studies. Although the proposed core features permit of heterogeneity within the syndrome consistent with the amassed clinical experience, reducing the variability between sites and studies caused by inconsistencies of terminology and diagnostic criteria will benefit a variety of future studies. Refining study populations and minimizing clinico-pathological "noise" through both tighter diagnostic criteria and in vivo biomarkers is particularly important in the context of a relatively rare disorder such as PCA in which sample sizes are often limited.
A number of challenges remain for the PCA research field. A primary challenge is to understand sources and drivers of phenotypic heterogeneity among individuals with a common underlying pathology. For example, members of the atypical AD PIA have contributed to the largest analysis to date of genetic risk factors for PCA, yielding evidence of both an altered risk profile across known AD risk factors and possible novel loci some of which are associated with visual system development [58] . The current proposed consensus criteria for PCA may complement equivalent consensus diagnostic criteria for typical amnestic AD [18, 19] and other atypical AD syndromes (e.g., lvPPA; [59] ) to improve the robustness and replicability of future heterogeneity studies which may shed light on fundamental mechanisms of disease progression and propagation.
Second, although the relationships between syndrome and pathology are indubitably less complex than among, for example, the frontotemporal dementias, the boundaries between PCA, and related syndromes (e.g., CBS) require further clarification through quantitative investigation. For example, motor impairment (defined by asymmetrical left upper limb rigidity) has been found in 30% of a series of 44 patients all meeting the existing clinical criteria for PCA [60] . Visuospatial and visuoperceptual dysfunction in CBS patients has also been shown to predict AD pathology [29, 61, 62] .
Third, a further practical objective is to establish a common framework for cognitive screening, neuropsychological examination, and selection of cognitive outcome measures for trials involving individuals with PCA. There is a particular need for clarity regarding the evaluation of episodic memory in PCA [63] . As noted previously, memory tests with explicit visual demands in encoding and/or retrieval (e.g., Rey-Osterrieth figure copy) are unsuitable. Less obvious are the more implicit visual demands of tests such as verbal paired associate learning that often draw on mental imagery. Two alternate forced choice recognition memory tests for words [64] are suitable for evaluating aspects of episodic memory in PCA. Evaluating alternative metrics would help optimize techniques for establishing and quantifying this critical distinction between PCA and typical amnestic AD, namely "prominent early disturbance of vision with relatively preserved anterograde memory."
The proposed classification framework will not resolve these issues directly but may improve our ability to interpret findings across studies, increase the quality of clinical trials for AD, and provide a foundation for future collaborative work. There is a need to validate the reliability, sensitivity, and specificity of the proposed criteria, particularly to establish the quantitative relationships between the different levels of classification. The classification system will also likely require updating and revision, particularly based on emergence of new biomarkers and clinical evidence of PCA attributable to non-AD and mixed pathologies.
